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APPRECIATION OF RESEARCH 


Two recent publications, both con- 
cerned with developing a stronger tech- 
nology in Free Europe, point up the 
need of some segments of our own in- 
dustry for a better understanding and 


greater use of research and the con- 
tributing sciences. One publication dis- 
cusses the Continent’s almost total lack 
of chemical engineering education as 
we know it. The other attempts to ex- 
plain to Europeans how we go about 
translating laboratory research into 
practical usage—the process that, by 
and large, we seem to have developed 
further than any other nation. Both 
publications advocate sharing these po- 
tent accelerators of industrial progress 
with our foreign friends. 

Surely there can be no doubt that 
our efforts to develop chemical engi- 
neering in Europe would, in time, be 
rewarded by an increased flow to Amer- 
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Higher salaries have been advanced as one par- 
tial solution to the present shortage of engineers. 
Salary levels more commensurate with their im- 
portance in our technologically advanced civiliza- 
tion are undeniably the due of engineers as a 
professional group. However, the individual engi- 
neer will always find, whether general levels rise 
or not, that his pay is largely determined by 
what he is worth to his company. When men of 
equal ability are scarce, he can demand more. 
But over the long term, his greatest hope for a 
superior salary is demonstration of superior 
ability. ; 

Our leading technological schools have built 
their reputations on giving their graduates the 
best possible academic background. Many com- 
panies have orientation and training programs to 
close the gap between college and industry. Some 
even have a special group to watch the young 
man’s progress and bring him along as rapidly 
as his growth permits. Thus, judicious choice of 
his school and care in affiliating himself with a 


progressive company are two things important to 
the ambitious engineer. 

However, much of the responsibility for his 
development lies with the man himself. His 
application while in school, his decision regarding 
graduate studies, his attitude toward each job, 
his willingness to assume responsibility, his atten- 
tiveness to what goes on around him, whether 
observed firsthand or gleaned from the journals 
of his fiel/—all of these things are facters de- 
termining how far the man may go. 

We in the schools feel we have succeeded in ovr 
part of the task when we see our graduates at- 
taining positions of responsibility in Industry or 
returning for advanced degrees and special courses. 
For then we believe we have helped to awaken 
in them something of the drive necessary for the 
achievement of those positions in which they can 
exercise their full capabilities. 

BLAKE R. VAN LEER, 
President, Georgia Institute of Technology 




















X-RAYS AT WORK FOR INDUSTRY 
By R. A. YOUNG* 





X-rays are a potent tool of industry, both in its research and in its control of 
product quality. This article describes the three major x-ray techniques and 
discusses some of their industrial applications. 


Almost everyone is familiar with the medi- 
cal applications of x-ray technology. Fewer 
people realize that x-ray methods constitute 
powerful tools for industry. This article is 
an attempt to describe briefly, and in gen- 
eral terms, some of the more important uses 
of x-rays. 

There are three major techniques for 
utilizing x-rays: x-ray diffraction; x-ray spec- 
troscopy; and radiography and irradiation, 
sometimes called radiology. Of these three 
techniques, x-ray diffraction has contributed 
most significantly to industrial research, al- 
though radiology, because of its wider use, 
is better known. Until quite recently x-ray 
spectroscopy has been almost exclusively a 
research tool. 


SPECTROSCOPY 

In its industrial applications x-ray spec- 
troscopy is frequently referred to as “‘fluo- 
rescence analysis” because the sample is 
made to fluoresce under x-radiation. The 
sample absorbs the x-ray energy impinging 
upon it and then emits x-rays in wave 
lengths characteristic of the sample. Just as 
in optical or microwave spectroscopy, the 
wave lengths that can be emitted are associ- 
ated with the energy levels in the sample. In 
this case the wave lengths are in the x-ray 
region and the energy levels are those asso- 
ciated with the tightly bound electrons. 
Thus, x-ray spectroscopy permits study of 
the energy levels deep within atoms, and 
adds to the knowledge of atomic structures 
gained from optical spectroscopy. 

The radiation emitted from a sample in 
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the optical region is dispersed by a prism or 
a diffraction grating in order that its wave 
lengths may be determined. The radiation 
emitted from a sample in the x-ray region 
is dispersed by the x-ray analogue of a dif- 
fraction grating, a crystal. The crystals used 
are chosen for their perfection, for their low 
absorption and for the accuracy with which 
their crystallography is known. Very satisfac- 
tory crystals can be obtained, and the wave 
lengths emitted by the sample can be deter- 
mined quite accurately. Just as in optical 
spectroscopy, the wave lengths found from 
a given sample may be compared with those 
known to be produced by the various atoms, 
and both the kinds of atoms present and 
their relative amounts may be determined. 
One of the greatest advantages of x-ray spec- 
troscopy is that it works best with the ele- 
ments of or near the traasition series, for the 
optical spectra of these elements are very 
complex. 


X-RAY DIFFRACTION 

In 1912 M. von Laue suggested that since 
the wave lengths of x-rays were of the same 
order of magnitude as the distances between 
atoms in solids, then x-rays ought to be 
diffracted by crystalline solids in much the 
same way that light waves are diffracted by 
a diffraction grating. Friedrich and Knip- 
ping soon showed experimentally that this 
was true, and the door to the investigation 
of the atomic domain was ajar. Long lines 
of illustrious names have followed ever since, 
each man pushing the door a little further 
open. One of the first and most heavily con- 
tributing of these men was Sir W. H. Bragg, 





Figure 1. Diffraction pattern of powdered tungsten carbide. Variation in intensity of lines 
stems from fact carbon atoms do not scatter x-rays as strongly as tungsten atoms do. Uniform 
intensity of individual lines over their entire lengths indicates random orientation of crystallites. 
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who showed that the diffraction of x-rays 
obeyed the relation 

ny = 2 d sin @ 
where n is an integer, ) is the wave length 
of the x-radiation, g is the angle of diffrac- 
tion (frequently called the Bragg angle), 
and “d” is the interplanar spacing. 

The term ‘‘d” perhaps needs further ex- 
planation. We ordinarily think of x-rays as 
being scattered by atoms or groups of atoms 
within a crystal. We think of a crystal as 
being composed of a great number of these 
scattering points all neatly arranged in a 
perfectly periodic fashion in three dimen- 
sions. In such an array cf points, often 
called a point lattice or simply a lattice, one 
may draw a set of imaginary planes, all 
parallel, such that every point in the array 
will have a plane passing through it. Since 
the point array is periodic, the distance 
from one plane to its neighboring plane will 
be the same throughout the set of parallel 
planes. It is this distance that is called “d,” 
the interplanar spacing, in Bragg’s equation. 
Its optical analogue is the distance between 
lines in a diffraction grating. 

Since, in drawing our set of parallel planes, 
we placed no requirement that the planes 
be oriented in any particular way with re- 
spect to the lattice, we could then draw an 
infinite number of such sets of planes, each 
set having a different “d” value. Only a very 
limited number of such sets are useful to us. 
The maximum possible “d” value is limited 
by the distances between points, and the 
minimum “d” value that can be observed 
is limited by the wave length of the x-rays 
used and the condition that g cannot be 
greater than 90° in Bragg’s equation. Thus, 
in most experiments we actually measure 
only on the order of 10 to 50 of the largest 
“d” values, even under the best conditions. 
This is usually adequate. 

Considering again our sets of parallel 
planes, we see that the “d” values obtained 
from them will be determined by the point 
lattice, or in practice, by the positions of the 
atoms or groups ‘of atoms in the crystal. 
Thus each kind of crystal will diffract x-rays 
of a given wave length at a different angle, 
@, for each “d” value according to the Bragg 
equation. This set of angles will be charac- 
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teristic of that particular kind of crystal for 
the wave length used. If we then place a 
photographic film in the path of the dif- 
fracted x-ray beams, there will be registered 
on the film the “diffraction pattern” of the 
crystal. In the case of a single crystal, the 
diffraction pattern will appear as a group 
of spots on the film. In the case of a poly- 
crystalline material*, the diffraction pattern 
will appear as a series of concentric circles 
or a series of arcs on the film, depending 
upon how the film is placed with respect to 
the sample and the incident x-ray beam. By 
knowing the geometry of the arrangement 
and the wave length used, one may then cal- 
culate a set of “d” values for the material. 

Figure 1 shows the diffraction pattern of 
powdered tungsten carbide. It is noted im- 
mediately that all the lines are not equally 
intense. Without going into detail, we can 
perhaps understand that this might be ex- 
pected because carbon atoms do not scatter 
X-rays as strongly as tungsten atoms. Hence 
at certain diffraction angles the radiation 
scattered from the carbon atoms might be 
either subtracted from or added to that from 
the tungsten atoms, thus affecting the total 
diffracted intensities. This is one of the 
principal reasons for variations in diffracted 
intensities. Therefore, a knowledge of the 
relative intensities of the diffracted x-ray 
beams is very helpful in determining the 
nature of the diffracting material. 

The “d” values and the relative intensi- 
ties of the diffracted beams might be re- 
ferred to as the classical information to be 
obtained from x-ray diffraction patterns be- 
cause in using them we usually assume that 
the diffracting material has an ideal lattice, 
that is, perfect periodicity extending over 
an essentially infinite number of scattering 
points. We may ask ourselves now, what 
would be the effect upon the x-ray diffrac- 
tion pattern if those conditions were not 
met? One answer is immediately apparent 
by analogy to the diffraction of light. If we 
use a grating so small that it contains rela- 
tively few lines, the diffracted beam of light 
is not sharply defined. Similarly, if we have 


*Metals are normally polycrystalline. 
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INDUSTRIAL NEEDS FOR RAW MATERIALS 
OF PLANT ORIGIN 


By H. H. SINEATH* and PHILLIP M. DAUGHERTY * * 





New cash crops for the American farmer and domestic sources of currently 
imported industrial raw materials of plant origin are important needs of our 
economy. This article discusses Federally supported work now in progress at 
Georgia Tech in an effort to provide information on scarce foreign crops of 
chemurgic importance that can be grown in the United States. 


In recent years shortages of many imported 
raw materials have harassed industry in 
this country and have contributed to higher 
prices for finished products. During times of 
emergency such as World War II and the 
present period of international unrest, sup- 
ply problems have forcefully pointed out 
the need for a more stable source of such 
materials. Foreign control of the source both 
limits the amounts available and encourages 
inflationary speculation in world markets. 
The observed low purity of many imported 
products stems partly from imperfect re- 
moval of contaminants and partly from for- 
eign practices of product dilution. All of 
these adverse factors place industry and the 
eventual consumer at an economic disad- 
vantage. Consequently, the need for initia- 
tion or expansion of domestic production 
of these commodities has become increas- 
ingly clear. 

In some cases the development of syn- 
thetic substances has alleviated undesirable 
supply conditions to some extent; but in 
others, where suitable substitutes have not 
been found, interest has centered in estab- 
lishing domestic cultivation of botanicals 
from which the raw materials are derived. 
This interest in a domestic source is aug- 
mented by the desire of farmers and busi- 
ness men alike for a more stable agricul- 
tural economy. Crop diversification has been 
advanced as the answer to this problem. If 
more industrial raw materials were domes- 
tically produced by the farmer as cash crops, 
many current problems of surplus agricul- 
tural production could be eliminated. 

In order to determine what the raw ma- 
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terial needs of industry in this country are, 
a survey was initiated during 1951 at the 
State Engineering Experiment Station, Geor- 
gia Institute of Technology. The survey was 
designed to present a more comprehensive 
picture of the entire raw material situation 
and to serve as a guide in the introduction 
of plants to fill the needs. The program, 
which was sponsored by the Division of 
Plant Exploration and Introduction, Bureau 
of Plant Industry, Soils and Agricultural 
Engineering, United States Department of 
Agriculture, was supported under the Fed- 
eral Research and Marketing Act of 1946 
which specifically authorizes research to dis- 
cover, introduce and develop new and useful 
agricultural crops. 


The survey consisted of two parts. The 
first was a review of periodical literature to 
determine the needs which have been recog- 
nized and to obtain information on new 
uses for plant products and on new plants 
suggested to fill specific needs. The second 
involved direct contact with industry to ob- 
tain first-hand information on the present 
supply situation and to get estimates on fu- 
ture or potential needs of plant-derived 
raw materials. 


The complex nature of the information 
desired from the survey necessitated careful 
selection of the literature to be reviewed. 
Fifteen periodicals were selected; these in- 
cluded at least one publication from each 
important industrial field which uses plant- 
derived raw materials. These periodicals 
were reviewed from January 1, 1946, through 
December 31, 1951, and abstracts of articles 
on needs, sources, and uses were compiled. 


The direct-contact-with-industry phase of 
the program was initiated by correspond- 
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ence with national industrial associations, 
research organizations and government lab- 
oratories. These sources suggested individual 
companies which might have information 
pertinent to the survey. These companies 
and others which could be assumed to use 
plant-derived raw materials were contacted. 
In all, representatives of about 600 organiza- 
tions cooperated with the survey by corre- 
spondence, and personal interviews were 
arranged when it was indicated that they 
would be of value. In this way, users of 
plant-derived raw materials from all parts 
of the United States and in every major 
field of interest were included in the survey. 

Numerous raw material needs were found 
that affect, either directly or indirectly, a 
major portion of American industry. In 
some cases suitable substitutes were uncov- 
ered, and in several instances information 
concerning new materials was found which 
should be of industrial value and of poten- 
tial importance to the individual. 

As an example, sperm oil, which is vitally 
important to steel processing industries as 
a high-speed and high-temperature lubri- 
cant, has been in critically short supply at 
various times in recent years. A shortage 
occurred during World War II when whal- 
ing expeditions were not permitted because 
it was necessary to use vessels previously 
engaged in the production of sperm oil for 
other purposes and because the lengthy 
ocean voyages necessary would have been 
subject to the perils of the sea and of enemy 
action. The erratic supply of this material 
has led to considerable interest in the devel- 
opment of a plant source for a substitute. 
Such a source would eliminate speculative 
financing of foreign whaling expeditions and 
insure a stable domestic supply of the ma- 
terial. Fortunately, the seeds of the Sim- 
mondsia plant, which grows wild in this 
country, have been found to contain a re- 
placement for sperm oil. After the oil is 
removed from the seed, the residue is suit- 
able for livestock feed and can be used in 
plastics. Of particular interest to many indi- 
viduals is the fact that Simmondsia oil has 
exhibited an intense inhibitory action on 
the growth of tuberculosis bacilli in cultural 
media. This may provide a lead to the long- 
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sought cure for tuberculosis. Another prod- 
uct. of this potential ten mi!lion-dollar crop 
for the American farmer is a hard wax ob- 
tained by hydrogenation of the oil. This 
wax could be used in the preparation of 
polishing waxes and the manufacture of 
carbon paper. In addition, it might serve 
as a replacement, in certain uses, for the 
much-needed and high-priced carnauba wax 
now imported from Brazil. 

The supply conditions of carnauba have 
greatly increased the demand for candelilla 
wax for use as a carnauba extender. Cande- 
lilla wax is collected from a weed that grows 
wild in Mexico. The imported material is 
often contaminated, and additional expen- 
sive processing is required before it can be 
used as an ingredient in numerous items 
from phonograph records to electrical in- 
sulators. This factor alone makes a domestic 
source desirable, and, since it grows wild in 
the semiarid regions of the Southwest, can- 
delilla represents a possible three million- 
dollar crop for submarginal land. 

Another oil of importance is perilla, some 
formulations of which possess several su- 
perior properties as protective coatings for 
particular uses. This oil was once widely 
used in the United States in the manufac- 
ture of paints, varnishes, linoleum and re- 
lated products. Prior to World War II it 
was supplied largely from Manchuria, but 
it has been unobtainable from any source 
in recent years. Varieties of perilla have 
been introduced and successfully grown in 
this country. A mint known as Chia, native 
to northern Mexico, has seeds which yield 
an oil with practically the same characteris- 
tics as perilla. Since it has been estimated 
that about twelve million dollars worth of 
an oil of this type could be consumed an- 
nually in this country, any of these plants 
might possibly become valuable crops. 

Another need affecting practically every- 
one is that for an insured source of fibers 
for paper making and cordage. Although 
there is a moderately ample supply of the 
necessary “long-fiber” cellulose, some paper 
manufacturers have been unable to obtain 
all that they could use. According to recent 





Continued on Page 21 


March, 1952 








EXPERIMENT STATION RESEARCH ENGINEER 








ELECTRIFICATION IN AEROSOL STUDIES 


By BARTON L. HINKLE* and CLYDE ORR, JR.* * 





For some time Georgia Tech researchers have been conducting a project for 

the Chemical Corps to determine what effect, if any, various vapors and the 

ionization of air and these vapors have on the agglomeration of aerosols. This 
article describes their work and presents some of their data. 


Thales of Miletus is credited with the first 
observation (about 600 B. C.) of electrical 
effects other than those due to atmospheric 
electricity. This philosopher found that 
amber rubbed with silk could attract bits of 
straw and lint. Mottelay, in a bibliographic 
history of electricity and magnetism, sug- 
gests that considerable knowledge of atmos- 
pheric electricity existed as early as the time 
of Moses and that Solomon's temple was 
built with sharp gold points on the roof, 
which were connected to the earth by metal. 
Today everyone is familiar with manifesta- 
tions of static electricity such as the crack- 
ling or sparking that occurs when hair is 
combed in cold, dry weather, the sticking 
together of sheets of paper, the tenacity with 
which dust and lint adhere to clothes, and 
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the ability of chalk particles to stick to a 
blackboard. 

Several investigators in the field of electri- 
fication have theorized that the stability of 
a dust cloud (i.e., the ability of the cloud to 
remain in suspension) may be attributed to 
mutual repulsion between charged particles. 
Some observers believe that the sudden falls 
of rain noted just after lightning discharges 
can be explained on the basis of a change in 
the electrification of the atmosphere. Thus, 
the small drops, kept apart by mutual repul- 
sion, are discharged during the lightning 
flash; subsequent coalescence of the droplets 
takes place, and the large drops, too heavy 
to remain in suspension, fall to the earth. 

Static electricity is related not only to the 
nature and size of the individual particles 
but also to the relative humidity of the sur- 
rounding air. In fact, humidity control is 
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Figure 1. An increase in particle size with humidification of the suspending air is indicated 
by this chart of light scattering by an ammonium choride aerosol in dry air and in air of 
40 per cent relative -humidity. 
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widely used in industries to effect dissipa- 
tion of electric charges which would other- 
wise constitute a nuisance and, in many 
cases, a hazard. 

Static electricity has been firmly estab- 
lished as a source of dust ignition. The 
origin of many costly disasters such as ex- 
plosions in grain elevators, coal mines, in- 
dustrial grinding and threshing operations, 
etc., has been traced to the electrification 
produced by aerosol systems. The frequency 
of the electrical displays which accompany 
dust storms in the Sahara desert has been 
attributed to the prevailing arid climate, 
although high temperature is another factor 
known to contribute to high voltage gradi- 
ents. Some investigators have reported that 
no charge is carried by dust particles in a 
moving air stream when the relative humid- 
ity of the air exceeds 65 per cent, and it is 
generally conceded that grounding and high 
humidities are by far the most effective 
means of combating the production of static 
electricity. While innumerable illustrative 
cases of dust explosions and fires in the 
chemical industries are available, the follow- 
ing example amply indicates the importance 
of regulated humidity. Federal investigation 
of frequent fires at cotton gins during the 
summer of 1917 revealed that the fires oc- 
curred almost entirely during dry weather 
and that, in such weather, static electricity 
was often so prevalent that it was impossible 
to handle or approach any part of the ma- 
chinery. Cotton would stick in the lint flues, 
causing clogging of the lines. Often sparks 
four to six inches long could be drawn from 
the machinery, and six fires a day were not 
uncommon. Humidification of the air ef- 
fectively put an end to these disturbances, 
and practically no fires have since occurred 
at gins where humidification is employed. 

In view of the powerful electrical forces 
which sometimes accompany dust clouds 
and the charges associated with the surfaces 
of the individual particles, it is apparent 
that a study of fine-particle matter would 
be incomplete without thorough analysis of 
the relation of these charges to experimental 
results. 

From these considerations, one might pre- 
dict that the addition of water vapor to a 
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charged aerosol system would alter the sta- 
bility of the system. In a previous article in 
The Research Engineer, DallaValle and Lane 
presented electron photomicrographs show- 
ing increased aggregation of ammonium 
chloride particles with increasing relative 
humidity of the surrounding air. Moreover, 
studies indicate that the amount of aggre- 
gation is somewhat dependent on the man- 
ner in which water vapor is introduced in 
the suspending air. Evidence has been pre- 
sented elsewhere showing that air, when 
bubbled through certain liquids, acquires a 
charge by removing ions from the surface of 
contact. Pure water imparts a_ negative 
charge to the air, while certain other liquids 
may impart a positive charge and some 
liquids no charge at all. The amount and 
nature of the charges are related to the sur- 
face tension, the dielectric properties and 
the “activity” of the liquid, where “activity” 
refers to the ability of the liquid to impart 
charges. Evaporation of water, on the other 
hand, does not result in any noticeable man- 
ifestation of electricity, nor is any electrifi- 
cation produced by bubbles due to boiling. 

With this evidence at hand, Georgia Tech 
investigators have been conducting experi- 
ments to determine the effect of vapors on 
the aggregation of an aerosol by varying the 
method of vapor production and by ionizing 
the air and vapors. 

A brief description of the equipment em- 
ployed will facilitate discussion of the re- 
sults. The principal element of the aerosol 
generating equipment is a LaMer generator, 
in which the substance to compose the solid 
phase of the aerosol (e.g., ammonium chlo- 
ride crystals) is vaporized. Dry air is passed 
through a spark gap to produce ions which 
will serve as nuclei for the condensation of 
this vapor, and then the ionized air is in- 
troduced into the vapors. The mixture of 
air, ions and vapors of the solid substance is 
passed to another heating compartment held 
at a somewhat higher temperature to ensure 
thorough vaporization; then it is led upward 
through a condensing column where the va- 
pors, as they cool, condense on the ions. The 
number and size of the aerosol particles thus 
formed may be controlled through regula- 





Continued on Page 19 


March, 1952 











EXPERIMENT STATION RESEARCH ENGINEER 








PHOTOGRAPHIC JOB STUDY 


By ROBERT N. LEHRER* and JOSEPH S. DWYER* * 





Substitution of photography for personal observation aids the indusirial engi- 
neer in obtaining job data over extended periods of time. The technique em- 
ployed, together with examples of its use, is described in the following article. 


Photographic job study makes possible the 
collection of job data over extended periods 
of time much more economically than the 
data could be gathered by personal observa- 
tion, thus making feasible some analyses 
that otherwise would be too costly. This 
technique utilizes photographic observa- 
tions, made periodically and automatically, 
followed by analysis of the photographic 
record at a later, more convenient time. 
Among the types of job study most con- 
veniently undertaken photographically are 
the analysis of equipment utilization, ma- 
terial and traffic flow, crew coordination, 
machine interference, balance of line activ- 
ity, allocation of job duties, machine and 
work assignments, delay occurrences and 
other activities which must be observed 
over a period of time. 

This technique allows more flexibility 
than other photographic methods and tends 
to approximate the random-check or ratio- 
delay job study procedures by means of 
photographic records. It offers the advan- 
tages of a permanent photographic record 
combined with extended coverage and si- 
multaneous observation of more than one 
activity. Furthermore, it allows lengthy 
studies to be carried out with maximum 
convenience and economy. The technique 
stemmed from the necessity to study work 
that could not be directly observed for suf- 
ficiently long periods of time to yield re- 
liable data. 

The equipment required for photographic 
job study consists of a movie camera capable 
of taking individual exposures, a mechanism 
for actuating the camera to take the indi- 
vidual exposures and a timing unit to 
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energize the drive mechanism periodically. 
An electrically driven 16-mm GSAP camera 
and a synchronous motor timer mounted in 
a protective case, as shown in Figure 1, were 
used for trial investigations. This equipment 
was not ideal, for several pictures were ex- 
posed each time the camera drive was 
energized, but the results were satisfactory 
and the equipment had the advantage of 
low cost. 

Before gathering data by photographic 
means, it is necessary to make a preliminary 
analysis to ascertain that the desired in- 
formation can be recorded by the camera. 
This preliminary analysis insures easy and 
accurate classification of activity from the 
film record. The work area should be well 
defined and include all of the pertinent 
activity. The types of activity to be investi- 
gated should be clearly and precisely de- 
fined. The analyst must become familiar 








Figure 1. The 16-mm camera used in the 
studies was triggered by the timing device 
on the right. 
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with the work being photographed so that 
he will be able to classify the activity ac- 
curately when the film record is examined. 
Peculiarities of the work situation should 
be noted for they are -helpful in obtaining 
accurate analysis data. 

Two analysis situations will be discussed 
here in order to illustrate how the photo- 
graphic job study technique can be used. 
The examples do not present all the aspects 
of this technique, but they do indicate the 
general procedure involved. 

The first study to be discussed is a simple 
and straightforward use of the technique 
The problem developed as a result of stu- 
dent complaints concerning the check-cash- 
ing and banking service offered by the 
campus Cashier's office. The administration 
felt that the situation should be analyzed 
in an objective fashion to determine if the 
student suggestions that additional person- 
nel be assigned to this activity were justified. 

A preliminary study indicated that in- 
formation was needed on the number of 
students waiting for service, the absence or 
presence of the cashier and the relationship 
of these factors with the time of day and 
the day in the week and month. The cam- 
era unit was mounted in the Cashier’s office, 
situated so that the service counter, the 
cashier, the waiting students and a wall 
clock were recorded. Pictures were then 
taken at five-minute intervals over an ex- 
tended period of time. 

When sufficient pictures had been taken 
to obtain a reliable record of the cashier 
activity and student delays involved, the 
film was processed and each exposure ex- 
amined. A tabulation of the delays involved 
in this activity led to the conclusion that it 
would be uneconomical to assign more than 
one full-time cashier. The peak loads could 
be satisfactorily handled by borrowing ad- 
ditional help from other assignments. . 

The second study is described to illustrate 
how photographic job study can be used to 
help gather information for job analysis 
and evaluation purposes. The job studied 
was a clerical assignment consisting of varied 
general duties in a departmental office. A 
preliminary analysis was made to ascertain 
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Figure 2. These frames are typical of the 
photographs taken for job analysis of office 
work. 


the main characteristics of the job and to 
determine the activity breakdown for the 
photographic study. The duty classifications 
were established so that analysis of the film 
record could be made with certainty as to 
the recorded activity. These were: 

1. Typing (facing typewriter at left side 


of desk) 

2. Seated at desk (facing forward, occu- 
pied) 

3. Standing at desk (facing forward, oc- 
cupied) 


4. At files (beyond desk) 

5. At phone (to right of desk) 

6. Talking (at desk) 

7. Walking (to and from files) 

8. Idle 

9. Gone from desk (not in camera view) 
All of these classifications would show the 
secretary in the picture at a specific location, 
with the exception of No. 9, “Gone from 
desk.” This category would include all ac- 
tivity requiring the secretary to be away 
from the area of camera view plus any vol- 
untary absences from the scene. 

The camera unit was mounted in the 
office, and exposures were made at five min- 
ute intervals for a ten-day period. After 
processing, the films were examined, ex- 
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too few scattering points, we may expect the 
diffracted x-ray beam to be ill-defined. In 
a powder pattern, such as the one shown, 
the diffraction lines will be broadened by 
these effects and will not show the sharp 
edges that they do in this pattern of tung- 
sten carbide. The effect of imperfect peri- 
odicity in the lattice may also cause broad- 
ening and poorer definition of the lines, but, 
in addition, it will affect the “line shape.” 
The “line shape” may be defined as the 
shape of the curve which is obtained by 
plotting diffracted intensity vs. @ over a 
small region which includes the center of a 
diffracted beam. Ideally, we would expect 
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such a curve to fall off equally on either 
side of the maximum, but this need not be 
the case. In any real crystal the distance be- 
tween planes will probably not be exactly 
the same for every pair of planes in the 
whole set. The value that we write down as 
the “d” value for this set will really be an 
average. In the curve of line shape the max- 
imum will occur at a position that exactly 
satisfies Bragg’s equation for this average 
“d” and the wave length used. But since 
other “d” values, slightly different from the 
average, do exist, then even though our 
wave length is truly constant, we find that 
some diffraction does take place at @ values 
slightly different from the g corresponding 
to the maximum in our curve. The curve of 
line shape then actually represents the dis- 
tribution of the individual “d” values about 
the average and thus yields information 
about the way in which the actual crystal 
lattice differs from an ideal lattice. 

We have now discussed four distinctly 
different kinds of information about a crys- 
tal that can be obtained from x-ray diffrac- 
tion patterns: the “d” values, the relative 
intensities, the line breadth, and the line 
shape. We have endeavored to understand 
something of the significance of each in 
terms of the nature of the diffracting mate- 
rial. Let us now go on to discuss some of the 
ways in which this information is applied 
to the solution of problems. 


X-RAY DIFFRACTION APPLICATIONS 


Historically, only the “d” spacings and 
the relative intensities were considered at 
first. Under ideal conditions this informa- 
tion is sufficient to determine completely the 
crystal structure of materials which crystal- 
lized in the cubic, hexagonal or tetragonal 
classes. This includes most metals and a 
large number of the other elements and 
their compounds. As new techniques for ob- 
taining and interpreting various kinds of 
diffraction patterns have been developed, it 
has become possible, at least theoretically, 
to determine completely the crystal structure 
of any single crystal. However, practical dif- 
ficulties, such as the cost of adequate equip- 
ment and the tremendous amounts of time 
necessary, have so far prevented complete 
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determination of the structure of more than 
a small portion of the various kinds of crys- 
tals to be found in the world about us. 

There are many reasons why complete 
determination of a crystal structure is de- 
sirable. A knowledge of crystal structures is 
frequently useful to the scientist in his ef- 
forts to determine why materials behave as 
they do. It is particularly useful to the theo- 
retical chemist who wants to know bond 
angles, bond distances, atomic and_ ionic 
radii, etc., in order to synthesize a material. 

Even though our information may not be 
sufficient for a complete determination of 
the crystal structure, it may still be ex- 
tremely valuable. Perhaps the reader has 
heard of “finger-printing the compounds.” 
This is a reference to the fact that the dif- 
fraction patterns of no two substances are 
exactly alike, hence a simple measurement 
of the “d” values and only a rough measure- 
ment of the relative intensities in the pow- 
der diffraction pattern of a crystalline ma- 
terial are sufficient to identify it accurately. 
Furthermore, the observed pattern need not 
be due to one substance alone; instead, it 
may be a composite of two or more diffrac- 
tion patterns, each of which is characteristic 
of a different substance. With reasonably 
good equipment and some care, a quantita- 
tive determination of the amounts of the 
various materials present may be carried 
out, usually to an accuracy of + 1-5 per 
cent. Trace amounts of well formed foreign 
crystals in a sample may sometimes be de- 
tected even though they account for no 
more than one-tenth of one per cent of 
the sample. 

If only the crystal lattice type is known, 
and if samples are made to produce diffrac- 
tion patterns under appropriate conditions, 
measurement of the “d” values alone may 
lead to the determination of such things as 
the coefficient of thermal expansion for the 
material and the expansion or contraction 
of the lattice upon addition of a solute, such 
as occurs in alloying. Measurement of the 
“d” values alone is also generally sufficient 
to detect a change in crystalline phase. 

One of the most widespread uses of x-ray 
diffraction is determining the orientation of 
the various rows (or planes) of atoms within 
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the crystal with respect to outside dimen- 
sions of the crystal. This is called “crystal 
orientation.” It is so widely used in the 
process of cutting blanks for quartz crystal 
oscillators that x-ray units designed for this 
purpose alone find a good market. 

Just as the orientation of a large single 
crystal may be determined, as mentioned in 
the preceding paragraph, so it is sometimes 
possible to determine something about the 
orientation of the crystallites* in a poly- 
crystalline material. In this case one deter- 
mines not the orientation of any individual 
crystallite, but rather the tendency for more 
of the crystallites to be oriented in one par- 
ticular fashion than in any other. If, in a 
polycrystalline sample such as the usual 
powder sample, the orientation of the crys- 
tallites is truly random, the lines in the 
diffraction photograph will be of uniform 
intensity over their length. Figure 1 illus- 
trates this case. If the film is so placed that 
the diffraction pattern is a series of concen- 
tric circles, then each circle will display uni- 
form intensity over its circumference. How- 
ever, if the orientation is not random, then 
certain diffraction directions will be pre- 
ferred to others. The lines may show spotti- 
ness, or the circles may show arcs of greater 
intensity with “washed out” regions between 
the ends of the arcs in a given circle. These 
effects are said to be due to “preferred 
orientation” and are useful in two ways. 
First, one may calculate the direction of the 
preferred orientation and relate it to such 
things as the substrate on which crystalliza- 
tion took place, directional strain in the 
material (e.g., stretched rubber displays a 
preferred orientation as do most strained 
fibers), or other factors influencing the ori- 
entation of the crystallite. Second, if the 
observed directions of preferred orientation 
do not seem to be related to any factors in- 
fluencing the orientation of the crystallites, 
one may conclude that the spottiness is due 
simply to large crystallites and, by calculat- 
ing the number of such crystallites per unit 
volume of the material, arrive at an average 
“grain size” of the crystallites. 





*Crvei Mitte bere refers to a small single crystal, a 
multitude of which go to make up even a small sam- 
ple of a polycrystalline substance. 
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Under usual conditions of production, 
spottiness occurs in powder diffraction pat- 
terns only when the average size of crystal- 
lites, or grains, is larger than about 0.01 mm. 
From this size down to about 2x10-* mm, 
the rings or lines in a powder diffraction 
pattern remain of uniform intensity and 
constant breadth. Below this size, however, 
each crystallite no longer contains enough 
scattering points to act as a high quality 
diffraction grating, and line broadening oc- 
curs. By measuring the broadening effect, 
one may again calculate the grain size. 
Thus, x-ray diffraction is useful in determin- 
ing grain sizes in the region above 0.01 mm 
and in the region below about 2x10-* mm. 

In the foregoing discussion it is important 
not to confuse crystallite size and grain size 
with particle size. They may be quite dif- 
ferent things, and they frequently are. In 
x-ray diffraction work a crystallite, or grain, 
is conceived of as being a region over which 
the periodicity of the scattering point ar- 
rangement is subject to only the slightest 
deviations. Several such regions may cling 
together to make up a particle. For many 
years it has been recognized that particle 
sizes might be determined from the meas- 
urement of the low-angle, incoherent x-ray 
scattering from a finely divided sample. Re- 
cently, successful correlations of such meas- 
urements with electron microscope measure- 
ments on the same samples have been re- 
ported. The error in either grain size or 
particle size determinations rarely, if ever, 
is less than 20-30 per cent. Yet very useful 
information may be obtained from these 
measurements, particularly when they are 
supplemented by electron micrographs. 

It was mentioned in the general discussion 
of x-ray diffraction that imperfections in the 
crystalline lattice could cause broadening of 
the lines in the powder diffraction pattern. 
One type of such imperfection is the small 
changes introduced in the individual “d” 
values (which are averaged together to give 
the “d” value for that particular diffraction 
line) by strain in the lattice. While it is 
rather difficult quantitatively to relate the 
amount of broadening of the lines to the 
amount of strain, qualitative observations 
can be made quite readily. These give con- 
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siderable valuable information. For exam- 
ple, the depth of cold-work may be deter- 
mined by successively taking x-ray diffrac- 
tion patterns and etching off thin layers of 
the surface of a material until the diffrac- 
tion pattern no longer shows any change as 
a result of etching, i.e., until the cold- 
worked layer has been removed. 

By noting which lines in the diffraction 
pattern show the greatest broadening, and 
hence the greatest strain, the planes of 
slippage in a crystal may be determined, 
even though the individual crystals may be 
extremely small. This information could 
conceivably lead to the selection of the 
proper alloying material to give greatest 
strength or to the detection and reproduc- 
tion of the strained condition that would 
correspond to the particular hardness de- 
sired. 

So far, we have discussed a few of the 
applications which depend upon the exist- 
ence of a lattice structure which has, at 
most, rather slight imperfections. There also 
exists a whole class of applications which 
might be described as the x-ray study of 
amorphous materials. Glasses, liquids, gases, 
rubber, waxes, starches, various high poly- 
mers, textiles and biological specimens are 
examples of materials that have been suc- 
cessfully studied by x-ray diffraction methods 
but which do not possess a well defined lat- 
tice. In general, the x-ray diffraction pat- 
terns of these substances are obtained with 
the techniques used for polycrystalline ma- 
terials. The diffraction lines so obtained are 
usually very broad and poorly defined, yet 
each line still possesses a center of density 
which can be measured and interpreted as 
corresponding to a preferred “d” value in 
the material. Thus, in the case of a diatomic 
gas, the “d” value obtained from the strong- 
est line in the pattern (and perhaps the 
only line) would be interpreted as the aver- 
age distance between atoms in the molecule. 
In the case of fibers, rather large “d” values 
are obtained and are interpreted as corre- 
sponding to long-range ordering in the 
fiber. This happens to be a particularly in- 
teresting application, since the results ob- 
tained by x-ray diffraction indicate a peri- 
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odicity so large that it can be, and has been, 
checked with the electron microscope. 

In addition to determining “d” values for 
amorphous substances, it is also possible to 
study orientation effects in much the same 
way as preferred orientation is studied 
when dealing with materials having a reg- 
ular, lattice. Thus, one can note something 
of the way that the molecules in fibers tend 
to line up under strain. X-ray diffraction is 
also used to determine the relative amounts 
of amorphous and crystalline material in 
such things as cellulose (e.g., cotton fibers) 
and, more recently, ceramics. 

We have now discussed something of the 
theory of. x-ray diffraction and several of its 
applications. These are not, by any means, 
all of the applications that are made of 
x-ray diffraction, nof are they necessarily 
the most important applications of their 
kind in every case. Rather, these applica- 
tions have been selected more or less at 
random in crder to indicate the scope of 
x-ray diffraction studies. A more extensive 
list of specific applications can be found, 
among other places, in General Electric 
Company’s Publication No. 7A-560B, avail- 
able from the company on request. 

As we have seen, x-ray diffraction methods 
may be applied to advantage in a great 
many fields of research and industry. The 
applications are, in fact, so numerous and 
so varied that it is almost impossible for 
any one person to be thoroughly familiar 
with all of them. Thus, it is generally nec- 
essary for the x-ray diffraction specialist to 
work rather closely with a specialist in the 
particular field of application. For example, 
if a problem is of a metallurgical nature, 
the x-ray diffraction specialist works with 
a metallurgist in its solution. On the other 
hand, certain applications, such as routine 
identification of compounds in a control 
laboratory or orientation of quartz crystals 
prior to cutting oscillator blanks, do not 
pose any new difficulties and are entrusted 
to technicians with relatively little training 
in the x-ray method. 


RADIOLOGY 


Early in the history of x-rays it was dis- 
covered that they were more strongly ab- 
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sorbed by some materials than by others. 
This discovery resulted in the most used 
and most widely known applications of 
x-rays: medical and industrial radiography 
and fluoroscopy. The discoverer of x-rays, 
Wilhelm Roentgen, mentioned in his first 
published report of the new x-rays that 
when he held his hand between the source 
of the x-rays and a fluorescent screen the 
outlines of the bones in his hand could be 
seen upon the screen. The medical profes- 
sion was quick to appreciate the importance 
of this discovery and to apply the methods 
to medical problems. By substituting a pho- 
tographic film for the fluorescent screen a 
permanent record was made which could 
be studied at leisure and in more detail. 
Thus, for the first time, the doctor had a 
means by which he could actually look in- 
side his patient without having to operate. 
Such applications are called medical radi- 
ography. 

It was also early discovered that x-rays 
ionized some of the atoms they encountered 
and this resulted in biological effects that 
are sometimes beneficial and sometimes 
harmful. It frequently happens that dis- 
eased tissue is more strongly affected by 
x-rays than is healthy tissue. This has re- 
sulted in the field known as x-ray therapy. 
The whole field of medical applications of 
x-rays, both radiography and therapy, is 
designated by the term “medical radiology,” 
and the specialist in the field is known as a 
“radiologist.” Although the field of medical 
radiology is extremely interesting and of 
vast benefit to humanity, it is medical in 
nature and will not be discussed further 
here. 

Industrial radiography, on the other hand, 
includes those radiographic applications 
which are not of a medical nature. Its 
theory is extremely simple compared with 
the theory of x-ray diffraction, being simply 
that the more strongly absorbing regions of 
the object being x-rayed allow fewer x-rays 
to reach the photographic film (or fluores- 
cent screen) and hence produce an under- 
exposed region of a corresponding shape 
and size. Only a few of radiography’s many 
applications will be mentioned here, since 
there are several x-ray handbooks and texts 
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which may be consulted for further details. 

It would not be correct to recommend 
radiography as the best method for the in- 
spection of every kind of object. It is best 
suited to the inspection of the first units 
of a new product or for control inspection 
of products where the failure of only one 
would be disastrous. It has long been used 
to inspect castings for flaws such as sand 
inclusions or porosity. It is frequently used 
to inspect the quality of welds in high-pres- 
sure tanks, ship hulls, structural girders, etc. 

While the detection of flaws in materials 
is the most common application of radiog- 
raphy, there are many others that do more 
to stir the imagination. For example, it may 
be used to determine the location of chan- 
nels in castings or of girders in a roof, with- 
out the necessity of stripping off the outer 
material. Radiography in the form of flu- 
oroscopy can be used on the production 
line for rapid inspection of concealed as- 
semblies, or perhaps only to see that sealed 
cans are properly filled. A very interesting 
application is the radiography of flowers 
and leaves. As the veins are thicker than the 
other parts, they leave an artistically inter- 
esting series of lines on the photographic 
film. Radiographing porous or veined speci- 
mens previously soaked in a heavy atom- 
bearing solution allows study of the diffu- 
sion rates and paths in the specimens. Paper 
products may sometimes be radiographed 
to advantage. By using a very low-voltage, 
such as one would use for flowers and 
leaves, the grains in the paper may be re- 
vealed and the quality of the paper deter- 
mined. The quality of glued joints may be 
determined. In contrast, steel specimens 
many inches thick may be successfully ra- 
diographed with million-volt x-ray equip- 
ment. 

A relatively new field of radiography, 
sometimes called microradiography, em- 
braces radiographic studies of very small 
sections. In this technique very thin speci- 
mens are radiographed in a fairly conven- 
tional manner, and the resulting radio- 
graphs are then enlarged several times. The 
result is a radiograph that looks something 
like a photomicrograph but differs in that 
it gives information about the structure of 
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the sample throughout its thickness as well 
as over its area. 


X-RAY FACILITIES AT TECH 

The primary purpose of an x-ray labora- 
tory will naturally determine the specific 
equipment that it should contain. Ours con- 
sists of a lead-lined room housing the equip- 
ment, darkroom facilities, and suitable of- 
fice space. It is provided with a shielded 
operator’s booth to afford adequate protec- 
tion of personnel. 

The x-ray equipment is composed of five 
x-ray machines and their accessories. Two 
of these machines are radiographic units, 
two are general purpose x-ray diffraction 
units, and the fifth is a crystal orientation 
unit designed specifically for orienting 
quartz crystals prior to cutting them into 
oscillator blanks. 

One radiographic unit is of the low-volt- 
age, portable type, suitable for radiograph- 
ing relatively thin specimens of such dense 
materials as steel. It is particularly useful 
because of its portable nature and because 
it is designed to produce very low voltage 
X-rays. 

The other radiographic unit is of the 
standard type built by Westinghouse. The 
voltage applied to the x-ray tube may be 
varied from 30 to 150 kilovolts. It is capable 
of radiography that requires neither a very 
high nor an extremely low voltage. Thus it 
is useful for the majority of applications. 

In addition to the usual film-recording 
facilities for radiographs, the laboratory 
also contains a fluoroscopic screen that may 
be viewed in safety from within the opera- 
tor’s booth. This has proved to be an ex- 
tremely useful device, since quite frequently 
a quick observation and no permanent rec- 
ord are desired. For example, small alumi- 
num castings have been inspected for gross 
flaws, and shoe heels have been inspected 
for bent nails. 

At present, the laboratory contains two 
x-ray diffraction units using four-port, 
watercooled, interchangeable, commercially 
available tubes. X-ray diffraction tubes for 
these units offer a selection of copper, iron, 
or molybdenum targets. 
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One of these units has just been acquired 
and put into operation. At the same time, 
a Geiger-counter spectrometer-goniometer 
with automatic recording was obtained. 
This device is capable of scanning the dif- 
fraction pattern of polycrystalline samples 
and recording, much more accurately than 
the photographic method, the intensity, po- 
sition, breadth and shape of the diffracted 
lines. The cover picture is a photograph of 
the two x-ray diffraction units, some cylin- 
drical powder cameras and the spectrometer- 
goniometer in operation in the laboratory. 
With the two units to furnish monochro- 
matic x-rays and the spectrometer-goniom- 
eter and a selection of powder cameras to 
record the diffraction patterns, the labora- 
tory now has facilities that are adequate to 
handle the majority of x-ray diffraction 
problems. Grain-size measurements may be 
made, depth of cold-work determined, strain 
detected, simple crystal structures deter- 
mined, samples identified, quantitative anal- 
yses made, preferred orientation detected 
and measured, etc. 

As funds permit, the facilities of the x-ray 
laboratory will be augmented in an effort 
to make it capable of the broadest possible 
service. Even at present it possesses equip- 
ment adequate for attack of the great ma- 
jority of x-ray problems, and it is hoped 
that the availability of such facilities at 
Georgia Tech will prove of benefit to the 
industries of our area. 





JOB STUDY 


Continued from Page 10 





posure by exposure, and the occurrence of 
the various types of activity was tallied. 
(See Figure 2 for an enlarged picture of a 
segment of the film record.) The “Idle” 
classification established in the preliminary 
investigation was not used, since idleness or 
lack of observable activity could not be rec- 
ognized as such. It was assumed that ap- 
parent lack of action was related to mental 
activity involved in the discharge of duty. 

The results obtained from the analysis 
of the individual exposures were: 


March, 1952 








EXPERIMENT STATION RESEARCH ENGINEER 

















Number of Per Cent 
Activity Occurrences Occurrence 
Typing 258 27.2 
Seated at desk 164 17.2 
Standing at desk 75 79 
At files 24 2.5 
At phone 70 7.4 
Talking 42 4.4 
Walking 34 3.6 
Gone from desk 283 29.8 





These percentages approximate the true 
percentage of the total time devoted to the 
duties listed. The correctness of the approx- 
imations will depend upon how well the 


observations represent the true situation, 
which can be evaluated statistically. 

Using the technique described, as many 
as 4,000 individual observations, taken at 
random or regular intervals, can be record- 
ed on one 100-foot roll of 16-mm. motion 
picture film. These observations can be 
made automatically and without attention 
once the camera equipment has been set up. 
The main requirement for successful em- 
ployment of photographic job study is that 
the activity to be studied is such that it can 
be recorded photographically and properly 
classified when the film record is later ex- 
amined. This technique should prove to be 
extremely valuable as a control and evalua- 
tion aid. 





ELECTRIFICATION IN AEROSOL STUDIES 
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tion of the temperature of the heaters, the 
flow rate of the air stream or the rate of 
ionic nuclei production. The aerosol stream 
leaving the condensing section of the genera- 
tor is diluted immediately with dry air and 
then diluted a second time just before enter- 
ing a comparatively large mixing chamber. 
This arrangement permits the introduction 
of either pure air or humid air at the second 
dilution point, while the first dilution en- 
sures an aerosol sufficiently dilute to be 
quite stable. Upon leaving the mixing cham- 
ber, the aerosol passes through a light- 
scattering chamber, where the intensity of 
light scattered by the particles (at an angle 
of 140° with the reversed direction of the 
incident light beam) is measured through a 
phototube circuit with an ammeter. The 
light scattered has been shown to be a func- 
tion of the diameter and number, as well as 
the optical properties, of the particles. Thus 
the effect of introducing water vapor or any 
other vapor through the second dilution 
line can be determined from changes in the 
scattered light. With the conditions usually 
employed, changes produced by a vapor are 
apparent about five minutes after its intro- 
duction. Since only this short period of time 
is required to obtain the indication, the 
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probability of a change in the aerosol due to 
causes other than the presence of the vapor 
is reduced to a minimum. The humidity in 
the mixing chamber, controlled by adjust- 
ment of flow rates of the aerosol and diluent 
streams, is obtained from readings on a wet- 
and dry-bulb thermometer unit installed in 
an exit line. Samples of the aerosol particles 
for electron microscope studies are obtained 
with a thermal precipitator which is con- 
nected by a tube to the mixing chamber. 
Figure 1 shows that the intensity of light 
scattered by ammonium chloride particles 
in a humid atmosphere (40 per cent relative 
humidity) is much greater than that in a dry 
atmosphere. The individual particles have 
an average diameter of the order of 0.2 
micron, and, in this size range, an increase 
in the mean particle diameter due to aggre- 
gation results in an increase in the intensity 
of the scattered light. Since there is only 
very little light scattered from water vapor 
in the absence of aerosol particles, the in- 
crease in scattered light results almost en- 
tirely from changes in the suspended par- 
ticles themselves. That this increase in aver- 
age diameter is a consequence of aggregation 
has been confirmed by electron photomicro- 
graphs. Therefore, an increase in the inten- 


Page 19 











GEORGIA INSTITUT 


E OF TECHNOLOGY 











go] «— @ DRY AEROSOL - DILUENT AIR DRY 
© DILUENT AIR BUBBLED THROUGH COLD WATER 


80) @ DILUENT AIR PASSED OVER HOT WATER 
x DILUENT AIR BUBBLED THROUGH HOT WATER 












































PHOTOTUBE READING, » AMPS 
roa 
So 















































e 
e 
« 
50 Ri v * re, 
Page? . Wow 
40 : 
i) 10 20 30 40 50 60 70 80 90 100 


TIME, minutes 








Figure 2. The particle size of the aerosol (as indicated by light scattering) varied somewhat 


with different techniques of water introduction 


although the relative humidity of the moist 


air was the same in all cases. 


sity of scattered light may be taken as a 
measure of the amount of aggregation. 
The effect of varying the method of pro- 
ducing the water vapor is shown in Figure 2. 
It is evident that the humidity produced by 
bubbling air through water, possibly accom- 
panied by electrification due to rupture of 
the liquid surface, results in greater aggre- 
gation than humidity produced by passing 
air over boiling water. The same relative 
humidity was maintained in both cases by 
regulation of the flow rates. That bubbling 
air through cold water causes somewhat 
greater light scattering than through hot 
water may be attributed to the decreased 
surface tension of water at increased tem- 
peratures and consequent decreased violence 
accompanying surface rupture. To substan- 
tiate this effect, an experiment was con- 
ducted in which air was bubbled through 
water the surface tension of which was de- 


creased by the addition of a surface-active 
agent. Figure 3 shows that, after the addi- 
tion of the surfactant, aggregation was di- 
minished, as evidenced by the change in 
scattered light. 

Since radioactive materials such as radium 
impart charges to the surrounding medium, 
a small amount of capsuled radium placed 
in the ammonium chioride aerosol stream 
would be expected to change the amount of 
aggregation and scattered light intensity. 
Figure 4 shows that the presence of radium 
inhibited the increase in scattered light in- 
tensity which normally accompanies the in- 
troduction of water vapor to the ammonium 
chloride aerosol, thus signifying reduced ag- 
gregation. 

Although the above discussion has empha- 
sized the effects on a specific aerosol by a 
specific vapor, many tests in this work have 
been concerned with other systems. Various 
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Figure 3. When the surface tension of the water through which the air was bubbled was 
reduced by addition of octyl alcohol, the aggregating effect of humidification was decreased. 
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Figure 4. Electrical charges imparted by radium appear to inhibit the aerosol aggregation that 
normally accompanies humidification. 


organic vapors, e.g., propylene, methyl and 
ethyl alcohol, glycerol, benzene, carbon tet- 
rachloride and phenol, have been tested for 
aggregative effects on several aerosol media 
other than ammonium chloride, e.g., stearic 
acid, B-naphthol, glycerol and propylene 
glycol. No general statement on aggregative 
effectiveness seems possible at present be- 
cause of the apparent specificity of certain 
vapors for certain media. Thus far, the most 
drastic effects have been observed on the am- 
monium chloride system in the presence of 
water vapor, propylene glycol and glycerol. 

The effect of vapors on the aggregation of 
aerosol systems is a subject which abounds 
in postulated theories, assertions and refuta- 
tions. In spite of the evidence presented, it 
is still questioned whether the observed 
changes in aggregation as a result of bub- 
bling air through water, the presence of ra- 
dium, etc., can be satisfactorily explained on 
the basis of electrical effects. Much more in- 
formation concerning the chemical and phys- 
ical characterization of both the discrete 
particles and the suspending medium must 
be gathered before rigorous conclusions can 
be drawn. It is often difficult to explain or 
reconcile the apparent discrepancies between 
the experimental results of some workers 
and the conclusions drawn by others. Some 
of the classical experiments by pioneers in 
the field of aerosol technology have led to 
statements that there are no marked dif- 
ferences in coagulation rates of comparable 
smokes which differ greatly in electrical 
character; that electrification exercises little, 
if any, effect on coagulation; that even the 
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presence of intense x-rays does not bring 
about changes in the rate of aggregation of 
the same smoke. Many investigators have 
reported the effect of certain vapors on the 
aggregation of specific media—some of their 
experimental results being contradictory— 
and one investigator has stated that foreign 
vapors have no effect whatsoever and that 
contrary evidence is due to errors of tech- 
nique. Much of the confusion arises from 
extrapolation of evidence on a specific aero- 
sol system to generalizations intended to 
cover all aerosol systems, while many of the 
contradictions can be traced to different 
methods of investigation. To clarify the ex- 
isting confusion, investigations at the Geor- 
gia Institute of Technology will include 
analysis of the chemical and physical nature 
of the discrete particles as well as the char- 
acteristics of the suspending medium. At the 
present time, a device to analyze the electri- 
cal nature of the discrete particles is being 
constructed, and it is hoped that evidence 
gathered in future studies, combined with 
the results of previous work, will permit ac- 
curate prediction of aerosol behavior and 
elucidation of the mechanism of aggregation. 





RAW MATERIALS 
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reports, the supply of prime fibers for paper 
making promises to remain short for some 
time. This is attributed partly to decreased 
supplies from imports and partly to in- 
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creased usage of long-fiber pulps. Use of 
grain straws and of bagasse, the latter being 
the residue from sugar-cane after the juice 
and sugar have been extracted, has been 
suggested to supplement the usual pine or 
spruce wood sources. While their use might 
ease supply difficulties to some extent, they 
are crop by-products and, as such, are sea- 
sonal and uncertain. A better answer to the 
problem would be a long-fiber plant that 
would regenerate itself several times faster 
than present sources. Bamboo may be such 
a plant, and there are varieties which pro- 
duce fibers of sufficient length for paper 
making. Some varieties of bamboo have been 
investigated with promising results. Bamboo 
pulp has been used successfully in India for 
over 25 years in the manufacture of a vari- 
ety of papers, including high quality book 
and writing paper. It is used there for Kraft 
paper and, mixed with mechanical pulp, is 
reportedly suitable for newsprint. Cellulose 
fibers from bamboo presumably should 
serve equally well in the manufacture of 
rayon. 

About $125,000,000 worth of jute and jute 
products, such as burlap, rug backing, rope 
and other cordage products are used an- 
nually in this country. All raw jute and 
many of the products must be imported 
from halfway around the world, mainly 
from India. Since 1946, supplies of this fiber 
have been inadequate, because the jute crop 
in India has been deemphasized in favor of 
more-needed food crops. A very promising 
substitute for jute is under development in 
this country at the present time. This fiber 
is kenaf, which has been exploited to some 
extent in Java for weaving into sacks for use 
in the sugar industry. Kenaf fiber has been 
produced in India and in several other 
countries for local use. Areas in Florida, 
Texas, Indiana and New Jersey have been 
test-planted with kenaf, and some promising 
results have been obtained. For instance, in 
the New Jersey plantings a total yield of 
about 30 tons of green material per acre 
was produced in about 125 days. If some 
of the difficulties connected with domestic 
kenaf production (such as the problem of 
decortication and lack of mill facilities for 
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processing the fiber) were overcome, this 
fiber source might help to reduce the na- 
tion’s dependence upon foreign sources of 
supply. 

The United States also has need for more 
essential-oil and drug crops. In fact, only 
a very small percentage of the required 
amounts of these materials are domestically 
produced. Various synthetic products have 
reduced our reliance upon foreign sources 
for some materials of these types. However, 
many essential oils and drugs possess prop- 
erties which have never been reproduced 
synthetically. Among these is ergot, a fungus 
or mold found on rye kernels and other 
grains, which contains several alkaloids 
especially useful in the alleviation of the 
pain and hemorrhage of childbirth. Since 
ergot comes principally from Europe, efforts 
have been made to locate or develop sources 
for domestic production. Ergot could be 
produced by introducing the fungus into 
our grain fields in specific areas, but there 
is the dangerous possibility of not being 
able to control it. If it should spread to 
other areas, it could prove a serious setback 
to the diligent work of American agricul- 
turists in reduction of crop diseases. Even if 
production were developed on this basis, the 
necessity of using hand labor for harvesting 
the diseased grain would be an economic 
problem. A more promising answer has been 
found in a mushroom native to Florida 
which contains a substance possessing ergot- 
like properties. If this or other domestic 
sources were developed, the producers could 
expect a potential market of some $1,000,000 
per year. 

Khellin, an excellent anti-hypertension 
agent and a drug also effective in relaxing 
the so-called smooth muscles of the body, is 
derived from the Ammi visnaga plant which 
grows in North Africa. The Egyptian gov- 
ernment holds a monopoly on its supply 
which does not meet the present demand, 
much less the demand of new uses. Conse- 
quently, research on the use of khellin in 
the treatment of asthma and other pul- 
monary diseases has been restricted. 


Oil of coriander is one of several essential 
oils which are needed and can be grown 
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domestically. This material, which is used 
principally in the food, tobacco and bever- 
age industries, is produced largely in Russia. 
Consequently, the material received in this 
country is usually purchased through other 
countries, such as Argentina, at exorbitant 
prices. 

The cultivation of essential oil and drug 
plants in this country could do much to 
remedy conditions exemplified by ergot, 
khellin and oil of coriander. Production of 
such crops should prove profitable to the 
grower, since it has been estimated that the 
return per acre would be about six times 
that of other established crops. 

The control of insect pests by the use of 
proper insecticides has permitted the United 
States farmer to produce more crops per 
acre. Research by American scientists has 
resulted in the development of many useful 
synthetic insecticides. However, there are 
several valuable insecticides derived from 
botanical sources for which no entirely sat- 
isfactory synthetic substitutes have been de- 
veloped. Among these are ryania, sabadilla 
and pyrethrum. Ryania is used to control 
the corn borer, and sabadilla is the only 
thing found to date which will effectively 
control the “stink bug” or “pumpkin bug.” 
Pyrethrum is the standard agent for “quick 
knockdown” household insecticides. It also 
finds widespread use as a finishing insecti- 
cide in the agricultural field. Most of the 
presently available pyrethrum flowers are 
produced in the British Kenya Colony in 
Africa, but there have not been enough 
grown in recent years to satisfy the growing 
world demand. In addition, United States 
needs are considered only after Britain’s 
own demands are filled. The cultivation of 
pyrethrum flowers has been revived in some 
areas. However, the material is not finding 
its way into United States markets, since the 
producers prefer to sell the flowers on the 
basis of their own pyrethrins analysis with 
no rebate if the material is of lower quality 
when checked on arrival in this country. It 
is understandable that few American con- 
cerns care to bargain under such conditions. 
A relatively new synthetic insecticide, known 
as allethrin, has been shown to serve as a 
substitute for pyrethrum in some uses. How- 
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ever, about the only advantage allethrin has 
over pyrethrum at the present time is its 
availability. This situation might be changed 
if the present shortage of pyrethrum, which 
will grow in the United States, were relieved 
by domestic production. 

The use of a so-called synergist in an 
insecticide permits the use of lower concen- 
tration of the active ingredient and results 
in greater killing power. Sesamine, one of 
the synergists used for pyrethrum, is derived 
from sesame oil. At the present time the 
price that must be paid for sesamine-con- 
taining extractives is high. Domestic produc- 
tion of sesame oil and pyrethrum should 
result in lower-cost insecticides. 

Sesame oil shows great promise as a new 
addition to the domestic supply of edible 
oils. In addition, sesame seeds contain a 
high-protein residue after removal of the 
oil, an essential requirement of economically 
feasible oil seed crops. Thus, sesame is a 
plant which could prove most valuable to 
the country’s economy both in peace and in 
war. Sesame oil possesses some properties 
which make it desirable both to industry 
and to individual consumers of oils. It has 
a long storage or shelf life since it does not 
become rancid rapidly, and the hydrogen- 
ated form possesses a very high stability. 
The processors of vegetable oils will find 
the seeds easy to process in conventional 
mills and the oil easy to refine. The sesame 
plant, which has been grown for food in 
Asia and Europe since ancient times and 
can be grown in the United States, produces 
about twice as much oil per acre as our 
present oil crops. Sesame should be of par- 
ticular interest to cotton-producing states, 
since it shows great promise as an answer 
to the need for protein and oil crops as a 
supplement to cotton. Protein crops for ani- 
mal feed are highly essential to bring about 
balanced farming in these areas. Such bal- 
ance is necessary to insure a more even 
income and proper use of the land. Some 
problems of adapting the plant to large- 
scale farming methods are now under study. 
When they have been solved, sesame may 
well become a valuable addition to domestic 
oil-producing crops. 

While the items which have been dis- 
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creased usage of long-fiber pulps. Use of 
grain straws and of bagasse, the latter being 
the residue from sugar-cane after the juice 
and sugar have been extracted, has been 
suggested to supplement the usual pine or 
spruce wood sources. While their use might 
ease supply difficulties to some extent, they 
are crop by-products and, as such, are sea- 
sonal and uncertain. A better answer to the 
problem would be a long-fiber plant that 
would regenerate itself several times faster 
than present sources. Bamboo may be such 
a plant, and there are varieties which pro- 
duce fibers of sufficient length for paper 
making. Some varieties of bamboo have been 
investigated with promising results. Bamboo 
pulp has been used successfully in India for 
over 25 years in the manufacture of a vari- 
ety of papers, including high quality book 
and writing paper. It is used there for Kraft 
paper and, mixed with mechanical pulp, is 
reportedly suitable for newsprint. Cellulose 
fibers from bamboo presumably should 
serve equally well in the manufacture of 
rayon. 

About $125,000,000 worth of jute and jute 
products, such as burlap, rug backing, rope 
and other cordage products are used an- 
nually in this country. All raw jute and 
many of the products must be imported 
from halfway around the world, mainly 
from India. Since 1946, supplies of this fiber 
have been inadequate, because the jute crop 
in India has been deemphasized in favor of 
more-needed food crops. A very promising 
substitute for jute is under development in 
this country at the present time. This fiber 
is kenaf, which has been exploited to some 
extent in Java for weaving into sacks for use 
in the sugar industry. Kenaf fiber has been 
produced in India and in several other 
countries for local use. Areas in Florida, 
Texas, Indiana and New Jersey have been 
test-planted with kenaf, and some promising 
results have been obtained. For instance, in 
the New Jersey plantings a total yield of 
about 30 tons of green material per acre 
was produced in about 125 days. If some 
of the difficulties connected with domestic 
kenaf production (such as the problem of 
decortication and lack of mill facilities for 
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processing the fiber) were overcome, this 
fiber source might help to reduce the na- 
tion’s dependence upon foreign sources of 
supply. 

The United States also has need for more 
essential-oil and drug crops. In fact, only 
a very small percentage of the required 
amounts of these materials are domestically 
produced. Various synthetic products have 
reduced our reliance upon foreign sources 
for some materials of these types. However, 
many essential oils and drugs possess prop- 
erties which have never been reproduced 
synthetically. Among these is ergot, a fungus 
or mold found on rye kernels and other 
grains, which contains several alkaloids 
especially useful in the alleviation of the 
pain and hemorrhage of childbirth. Since 
ergot comes principally from Europe, efforts 
have been made to locate or develop sources 
for domestic production. Ergot could be 
produced by introducing the fungus into 
our grain fields in specific areas, but there 
is the dangerous possibility of not being 
able to control it. If it should spread to 
other areas, it could prove a serious setback 
to the diligent work of American agricul- 
turists in reduction of crop diseases. Even if 
production were developed on this basis, the 
necessity of using hand labor for harvesting 
the diseased grain would be an economic 
problem. A more promising answer has been 
found in a mushroom native to Florida 
which contains a substance possessing ergot- 
like properties. If this or other domestic 
sources were developed, the producers could 
expect a potential market of some $1,000,000 
per year. 

Khellin, an 
agent and a drug also effective in relaxing 
the so-called smooth muscles of the body, is 
derived from the Ammi visnaga plant which 
grows in North Africa. The Egyptian gov- 
ernment holds a monopoly on its supply 
which does not meet the present demand, 
much less the demand of new uses. Conse- 
quently, research on the use of khellin in 
the treatment of asthma and other pul- 
monary diseases has been restricted. 


excellent anti-hypertension 


Oil of coriander is one of several essential 
oils which are needed and can be grown 
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domestically. This material, which is used 
principally in the food, tobacco and bever- 
age industries, is produced largely in Russia. 
Consequently, the material received in this 
country is usually purchased through other 
countries, such as Argentina, at exorbitant 
prices. 

The cultivation of essential oil and drug 
plants in this country could do much to 
remedy conditions exemplified by ergot, 
khellin and oil of coriander. Production of 
such crops should prove profitable to the 
grower, since it has been estimated that the 
return per acre would be about six times 
that of other established crops. 

The control of insect pests by the use of 
proper insecticides has permitted the United 
States farmer to produce more crops per 
acre. Research by American scientists has 
resulted in the development of inany useful 
synthetic insecticides. However, there are 
several valuable insecticides derived from 
botanical sources for which no entirely sat- 
isfactory synthetic substitutes have been de- 
veloped. Among these are ryania, sabadilla 
and pyrethrum. Ryania is used to control 
the corn borer, and sabadilla is the only 
thing found to date which will effectively 
control the “stink bug” or “pumpkin bug.” 
Pyrethrum is the standard agent for “quick 
knockdown” household insecticides. It also 
finds widespread use as a finishing insecti- 
cide in the agricultural field. Most of the 
presently available pyrethrum flowers are 
produced in the British Kenya Colony in 
Africa, but there have not been enough 
grown in recent years to satisfy the growing 
world demand. In addition, United States 
needs are considered only after Britain’s 
own demands are filled. The cultivation of 
pyrethrum flowers has been revived in some 
areas. However, the material is not finding 
its way into United States markets, since the 
producers prefer to sell the flowers on the 
basis of their own pyrethrins analysis with 
no rebate if the material is of lower quality 
when checked on arrival in this country. It 
is understandable that few American con- 
cerns care to bargain under such conditions. 
A relatively new synthetic insecticide, known 
as allethrin, has been shown to serve as a 
substitute for pyrethrum in some uses. How- 
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ever, about the only advantage allethrin has 
over pyrethrum at the present time is its 
availability. This situation might be changed 
if the present shortage of pyrethrum, which 
will grow in the United States, were relieved 
by domestic production. 


The use of a so-called synergist in an 
insecticide permits the use of lower concen- 
tration of the active ingredient and results 
in greater killing power. Sesamine, one of 
the synergists used for pyrethrum, is derived 
from sesame oil. At the present time the 
price that must be paid for sesamine-con- 
taining extractives is high. Domestic produc- 
tion of sesame oil and pyrethrum should 
result in lower-cost insecticides. 

Sesame oil shows great promise as a new 
addition to the domestic supply of edible 
oils. In addition, sesame seeds contain a 
high-protein residue after removal of the 
oil, an essential requirement of economically 
feasible oil seed crops. Thus, sesame is a 
plant which could prove most valuable to 
the country’s economy both in peace and in 
war. Sesame oil possesses some properties 
which make it desirable both to industry 
and to individual consumers of oils. It has 
a long storage or shelf life since it does not 
become rancid rapidly, and the hydrogen- 
ated form possesses a very high stability. 
The processors of vegetable oils will find 
the seeds easy to process in conventional 
mills and the oil easy to refine. The sesame 
plant, which has been grown for food in 
Asia and Europe since ancient times and 
can be grown in the United States, produces 
about twice as much oil per acre as our 
present oil crops. Sesame should be of par- 
ticular interest to cotton-producing states, 
since it shows great promise as an answer 
to the need for protein and oil crops as a 
supplement to cotton. Protein crops for ani- 
mal feed are highly essential to bring about 
balance farming in these areas. Such bal- 
ance is necessary to insure a more even 
income and proper use of the land. Some 
problems of adapting the plant to large- 
scale farming methods are now under study. 
When they have been solved, sesame may 
well become a valuable addition to domestic 
oil-producing crops. 

While the items which have been dis- 
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cussed are only representative of the nu- 
merous needs that were disclosed by the 
survey, they have been cited to exemplify 
the various problems connected with raw 
material procurement. Some of the possible 
solutions to these problems have been point- 
ed out for these specific commodities, but 
each raw material problem of this sort re- 
quires individual investigation. Some of the 
items uncovered by the survey apparently 
have enough economic and practical value 
to industry and the farmer to warrant more 
detailed study. Consequently, the Division 
of Plant Exploration and Introduction, Bu- 
reau of Plant Industry, Soils and Agricul- 
tural Engineering, United States Depart- 
ment of Agriculture, has decided to continue 
the program through 1952, if possible. Its 


program will include a detailed study of 
what is now known concerning the life 
history and cultivation of certain potential 
crops, as well as the processing of specific 
raw materials. Industrial applications and 
the past, present and future economic pos- 
sibilities will also be considered. The de- 
tailed information obtained should defi- 
nitely indicate those plants that should be 
introduced into this country. In this way 
the survey will aid in providing the Ameri- 
can farmer with more profitable and diver- 
sified crops. It will also assist industry in 
the development of a more reliable supply 
of needed raw materials. In doing these two 
things, the survey should be a real help in 
providing the United States with a stronger, 
more stable domestic economy. 
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ica of new ideas and concepts in that field. 
After all, we must acknowledge our huge 
debt to Europe for much of the pure science 
background upon which we have built our 
present technological superiority. We needed 
chemical engineers to get where we are—to 
develop the processes and design the plants 
which are the bulwarks of our peacetime 
economy and our wartime strength. Europe 
needs them now; and, quite apart from any 
anticipated scientific benefits, we stand to 
gain materially, both in trade and in de- 
fense savings, by helping the free nations 
train men to do for them what their Ameri- 
can counterparts have done for us. 
However, a strong chemical engineering 
profession is not our foreign allies’ sole need. 
They must be able to bridge the gap be- 
tween their excellent basic research and the 
plants that could utilize the coneepts it 
brings to light. To help them do this, the 
National Research Council has prepared a 
booklet entitled “Applied Research in the 
United States.” Its editor savs that American 
industrialists, accustomed to utilizing the 
basic research data developed in universities 
and elsewhere, will find much of the mate~ 
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rial quite familiar. However, he continues, 
Europeans, unaccustomed to handling ap- 
plied research and development on the 
American scale and without a working rela- 
tionship for the exchange of ideas with uni- 
versities, should find the booklet informative. 

Western European industrialists have long 
been handicapped by two important factors: 
lack of competent chemical engineers and 
iack of sufficient applied research to trans- 
late concepts to reality. We hope both de- 
ficiencies will soon be remedied. However, 
we believe that some of our own industries, 
and certainly many companies in them, have 
failed to make full use of the engineering 
talent and research facilities available to 
them. We wonder how many company exec- 
utives would find the National Research 
Council’s booklet quite unfamiliar to them. 
We also wonder how many of them, after 
studying the booklet, would decide that a 
working relationship with the universities 
to obtain basic research data and use of our 
nation’s nonprofit research institutes to trans- 
late these data into practical applications 
are opportunities they can no longer afford 
to ignore. 
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